The forest life cycle of yellow fever, dengue and other arboviruses is studied by virologists at the Pasteur Institutes in Dakar, Abidjan, Bangui and Cayenne. Dengue is also studied in Tahiti and Noumea where outbreaks have recently occurred. The molecular structure of yellow fever virus and its possible application to vaccine preparation and specific diagnosis is studied in Dakar. Haemorrhagic fevers caused by Lassa, Marburg and Ebola viruses are studied in Dakar, Abidjan and Bangui. Indeed, the Pasteur Institute in Dakar is a regional WHO Collaborating Centre for arboviruses. The differences between rabies viruses are studied in the Pasteur Institute in Paris in collaboration with the Institutes in Dakar, Abidjan, Bangui, Tananarive, Tunis and Casablanca.
Other diseases of public health importance are also subject to study: diarrhoeas, viral hepatitis, Burkitt's lymphoma, respiratory infections and genetic diseases (drepanocytosis (sickle cell anemia) in Guadeloupe and diabetes in Noumea).
Future trends
The flexible formula adopted to maintain the Pasteur Institutes after 1960 has proved
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its worth. The resulting heterogeneity of structure does not adversely affect the work of the institutes. However, the increasing sophistication of research necessitates a close co-ordination of the work of the various Institutes. Training and technical support are essential for maintaining an adequate level of msea~h. Scientists are trained locally and at the Pasteur Institute in Paris where they graduate in the same way as their French colleagues. Refresher training is ensured through a turnover of assignments in Paris and overseas. Part of the expatriate scientific personnel (more than 50) is loaned by the Army, others belong to the scientific staff of the Pasteur Institute in Paris and have a conWact stating that they should spend 60% of their time overseas and 40% of their time in Paris. Grants are received from different French ministries and a few from international agencies. However, as local resources are added to grants it is not possible to evaluate the total budget available to all the institutes.
Pasteur's idea has survived him for more than 90 years. The cement of this network is a common education, a common dedication, a common philanthropy and the prestige of a name. hypothesis and to a lesser extent from disagreement over the validity of experimental observations. Let us begin by recounting the basic premises of the superoxide paradigm and describing the areas of agreement and disagreement. The hypothesis I that superoxide mediates oxygen toxicity is predicated on three essential ideas which can be transliterated into some simple chemical processes. First, superoxide is formed by aerobic organisms. Second, superoxide is in some manner toxic to the cell. Third, superoxide dismutases exist for the essential purpose of eliminating superoxide. These concepts can be written as exemplary cbemicaI reactions:
Is superoxide important in
x + o~--,x+ + o~
[1] O~ + IGO2 + H+ ---~ O2 + I-GO + OH • [2] 2 O2-+ 2H + ---* (h + I-I202 [3] In Reaction [1] a single electron is transferred to ground-state dioxygen from an unspecified compound, X, to form superoxide and an oxidized substance, X + . Superoxide has been detected during the autoxidation of a variety of well defined substances as well as complex systems, including whole cells. Thus, there exists a body of literature which fully supports the concept that superoxide is a minor but significant product of the aerobic lifestyle. Controversy arises from disagreement over the subsequent actions of superoxide, and in recent times little attention has been given to the other product of Reaction [1] , X +"
In spite of extensive efforts by chemists and biochemists alike, no direct reaction of aqueous superoxide with a cellular substance has been discovered which can he even remotely considered to account for the toxicity of oxygen. Moreover, the chemistry of superoxide, which is now quite well understood, holds little hope for finding such a reaction 7.s. Nevertheless, a significant number of destructive processes involving both superoxide and hydrogen peroxide have been reported which are best understood in terms of hydroxyl radical production as shown by Reaction [2] , and supporters of the superoxide hypothesis appear to have settled on this reaction as a molecular basis of superoxide toxicityL Certainly, everyone agrees that OH" has the necessary chemical reactivity to destroy biological molecules rapidly and indiscriminately.
However, before Reaction [2] slips into symbolic use as the origin of oxygen toxicity there are some important features of this process which need thorough consideration: (a) as written, the reaction does not occur; (b) the reaction can be catalyzed by various transition metal ions, e.g. iron, in which case it must be written as a composite of reaction [4] and the Fenton reaction, [5] O~-+ Fe(III) --, 02 + Fe(II)
[4] Fe(II) + 14_202 --+ Fe(m) + H~O + OH-J5] the sum of which is Reaction [2] and; (c) in the composite reaction, the sole function of 02-is to act as a one electron reductant of the higher valent form of the metal ion. While there is no disagreement that reactions [4] and [5] occurin vitro, where trace metal contaminants abound, there is disagreement on whether this process occurs in vivo.
Reaction [3] occurs spontaneously with a second-order rate constant of 10nM-ls-I at pH 7 and is catalyzed by a variety of coordination complexes of Cu, Fe, and Mn TM.
Within some cells the reaction is clearly catalyzed by superoxide dismutases, metalloproteins characterized by binding Cu, Fe, or Mn ions. It has been concluded from various biological studies that superoxide dismutases provide 'a first line of defense' against the toxicity of oxygen. However, when all relevant observations are examined thoroughly 1 think such a conclusion is not justified. Thus, while there is agreement that superoxide dismutases exist within many cells and that they catalyze Reaction [3] ; there is disagreement on whether this activity provides protection against oxygen poisoning.
To focus the controversy, let us consider three questions: (a) Is the formation of hydroxyl radical by superoxide mediated Fenton chemistry (Reactions [4] and [5] ) responsible for O~ toxicity? (b) Do observations on the presence of superoxide dismutases in biological systems support the theory? (c) Should dioxygen itself be reconsidered as the source of O2 poisoning?
Is 02 toxicity due to the combined action of O~-, H202, and metal ions?
There are compelling reasons why Reactions [4] and [5] must be regarded with great suspicion as an important mechanism of oxygen toxicity: Superoxide can he replaced by other reducing agents in reaction [4] , thus, AH2 + Fe(lll) ---, AIG + + Fe(II) [6] and several recent studies have shown that a destructive process being effected via Reactions [4] and [5] can he made totally insensitive to inhibition by superoxide dismutase if Reaction [6] is begun as a parallel reaction x~.~2. Thus, cellular reducing agents t3 might be expected to completely override any contribution of [4] to the velocity of [5] . A second concern one must have is whether intracellular metal ions ate free to participate in [5] . Indeed, there are good teleological reasons to suspect that Reaction [5] is very carefully controlled within the cell (probably by metal ion sequesteration), and the fact that some organisms grow in rather high concentrations of I-I202 tends to sup. port this view. Finally, many symptoms of oxygen poisoning are rapidly reversible; this is not consistent with the wide spread damage anticipated from the occurrence of Reaction [5] .
Do observations of biological systems support the theory?
The biological facts which tend to cast doubt on the original conclusions derived from surveys of various organisms, induction of superoxide dismutase under oxidizing conditions, and preliminary genetic studies are as follows: (a) Superoxide dismutasos exist in a wide variety of strictly anaerobic organisms, and there is no obvious correlation between the amount of dismutase within a particular organism and its sensitivity to oxygen. (b) There are now four distinctly different, aerobic types of cells which lack superoxide dismutases.
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These are Lactobacillus plantarum t, some strains of Neisseria gonnorhoea and of Mycoplasma, and adipocytes. These few examples are living proof that superoxide dismutase is not an essential requirement of the aerobic lifestyle. (c) Experiments showing that certain redox dyes, such as methylviologen, were capable of inducing the manganese form ofdismutase in E. coli and that such cells were resistant to killing by hyperoxia x5 are impossible to interpret in terms of a protective effect due to increased superoxide dismutase since neither hyperbaric oxygen nor aerobic methylviologen by themselves are lethal to E. coli TM. Thus, the protection which was obtained against the killing of cells in the presence of puromycin (an inhibitor of protein synthesis) cannot be directly attributable to the increased level of superoxide dismutase. Indeed, Simons et al iv manipulated the superoxide dismutase levels by varying the concentrations of Mn and Fe in the culture media and found no difference in the degree of protection against the bactericidal mixture. Finally (d), the genetic experiments reviewed in Ref. 18 are internally inconsistent and do not support the idea that either manganese-or iron-superoxide dismutase offer protection against oxygen poisoning in E. coli. In summary, the biological experiments cannot be rationalized with the widely accepted view that superoxide dismutases protect an organism from oxygen.
Should dioxygen itself be reconsidered as an important element of oxygen toxicity?
The free radical theory of oxygen toxicity TM, of which the superoxide hypothesis is but a part, holds that super0xide and the other reduced forms of oxygen which, derive from it are responsible for oxygen poisoning. Unfortunately, after some 25 years of invoking free radicals as the source of oxygen poisoning there is no proof they are causative agents*, and alternative hypotbeses need to be entertained.
One of the shortcomings of the free radical theory is that by focussing attention on the reduced forms of oxygen, inadequate attention has been paid to the nature of the t'I'~ recent claim that this organism accumulates high levels of Mn(II), which itself possesses a weak dismutase-like activity, for the purpose of dismuting O~-seems improbable in view of the fact that Mn(tt) is required for transcription in lactobacfllP 4.
*The free radical theory is obviously important in considerations of biological oxidations. Some examples of free-radical mediated oxygen toxicity are lipid peroxidation, oxygen dependent destructive activities of certain macrophages, and the effects of some redox active drugs, such as dialuric acid, on various tissues, However, these processes are clearly not the primary events of oxygen poisoning, and the participation of superoxide is certainly not established.
other participants in Reaction [1] . However, prior to the popularization of the superoxide theory, extensive work had been done on the in vitro sensitivity of enzymes and other cell components to hyperbaric oxygen, and the prevailing theory was that enzymes were inactivated in vivo by oxygen. Thus, in Reaction [ 1] , a critical enzyme, symbolized by X, would be inactivated (X+), thereby disrupting the overall metabolism of the cell. Haugaard, who reviewed this literature in 19686 , gave two reasons the hypothesis did not gain wider acceptance: 'First, inactivation of enzymes in vitro appeared to be too slow in onset to account for the symptoms that occurred in the intact animal. Second, no conclusive demonstration had been made that any enzyme, in any organ of the intact animal, was inhibited during exposure of the animal to oxygen at an elevated pressure.' However, there are now several examples of enzymes which are rapidly and directly inactivated by dioxygen, and there are clear-cut demonstrations of enzyme inactivation in vivo. Two examples of enzymes inactivated in vivo, in the presence of superoxide dismutase, are amidophosphoribosyl transferase 2° (purine biosynthesis) and dihydroxyacid dehydratase 21 (branched chain amino acid biosynthesis). These and other examples suggest the possibility that understanding oxygen toxicity will require sensitive enzymes be identified, isolated, and characterized in terms of their reactivity towards oxygen in much the same manner one would determine the mechanism of an enzyme.
We are left with the question of why cells have superoxide dismutases. The following possibilities should be considered: (a) all superoxide dismutases are involved in protection of cells against oxygen toxicity; (b) superoxide is a metabolite whose concentration must be controlled; (c) superoxide dismutase activity is a trivial property of metalloproteins, inherent to the metal ion, and the real biological functions have not yet been discovered and; (d) combinations of the above.
In view of this discussion, possibility (a) seems unlikely. However, possibility (b) cannot be excluded, and certain observations suggest that 02 may play some role in the chemotactic response of macrophages 22. However, it is difficult to imagine why strictly anaerobic organisms which are highly sensitive to oxygen, such as the methanogens, express this type of activity. For some time the author has entertained possibility (c), however, there is no direct evidence in support of alternate functions for these proteins. It is hoped that genetic studies will shed light on this problem.
